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ABSTRACT
Orthopaedic surgeons on-call often see patients with
fractures of the distal tibia involving the articular
surface, with extension proximal into the metaphysis,
or intraarticular distal tibia fractures. These injuries
pose unique challenges owing to the typical highenergy mechanism, articular-surface involvement, high
degree of comminution, and typically large soft-tissue
injury. Treatment has evolved greatly with the advent
of modern fracture-fixation techniques and implants.
However, a large percentage of patients continue to
report poor subjective outcomes. Nearly all of these
patients develop posttraumatic arthritis, with the
most severe often requiring further reconstructive or
fusion procedures once healed to treat the symptoms.
Recent studies have described promising outcomes
after treating certain fractures (eg, Lisfranc and
subtalar) with primary fusion of the affected joints as
the definitive method of fixation. Subsequently, there
is increased interest in treating severe intraarticular
distal tibia fractures with primary fusion of the tibiotalar
joint. Few studies have reported on this topic, yet
several case reports and small series of patients
found successful outcomes with primary fusion. The
purpose of this paper is to provide a brief review of
intraarticular distal tibia fractures and primary fusion,
covering reported treatment methods and outcomes.
Although primary fusion may be a viable option in
improving patient outcomes in certain fracture patterns
and patients, more long-term studies comparing
methods are needed to help surgeons decide definitive
treatment.
Keywords Tibial Fractures, Intra-Articular Fractures,
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INTRODUCTION
Distal tibia fractures involving the articular surface,
with extension into the metaphysis, are common and
comprise 1% and 10% of lower-extremity fractures
and tibia fractures, respectively.1 They are frequently
associated in patients with multi-organ injuries, and up

to a third are open injuries.1 These fractures typically
result from either a low-energy torsional type injury (eg,
ski boot) or, more commonly, a high-energy axial load
(eg, automobile accident). Treatment is challenging
owing to the high levels of comminution, joint
involvement, and soft-tissue injury.
Many strategies have been attempted to treat these
specific fractures, including nonoperative treatment,
external fixation, and open reduction and internal
fixation (ORIF). Recently, studies have discussed
primary tibiotalar joint fusion for the most severe
acute fractures, which tend to have worse clinicaland patient-reported outcomes.2-7 The purpose
of this paper is to review intraarticular distal tibia
fractures, including historical and current treatment
and outcomes, and recent studies examining primary
fusion as a method for treating severe acute fractures
(Figures 1A and 1B).

DEFINITIONS AND DEMOGRAPHICS
Distal tibia fractures involving the articular surface, with
extension into the metaphysis, are different from more
proximal tibial shaft fractures and ankle fractures. Those
involving the articular surface are commonly referred
to as tibial plafond or tibial pilon fractures, with some
debate regarding origin and correct nomenclature.8,9
The term “plafond” stems from the French word used
to describe decorative ceilings or roofs often found
in cathedrals. In orthopaedics, the word subsequently
describes the anatomical region of the distal tibia
articular surface, which is the roof or ceiling of the
tibiotalar joint.9 The other term, “pilon,” describes not
only the anatomical region but the type of fracture and
mechanism of injury to help differentiate from fractures
with less comminution, impaction, and proximal
extension such as medial malleoli fractures.8
Intraarticular distal tibia fractures typically occur in
younger men aged 20-40 years as the result of lowenergy, torsional-type injuries (eg, ski boot) or, more
commonly, high-energy axial loads such as automobile
crashes or falls.1 This fracture type comprises roughly
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Figure 1. AO classification of a 43-C type distal tibia
fracture, seen in a plain radiograph that shows greater
than 50% communication of the articular surface.
A) Anteroposterior view. B) Lateral view.

1% of lower-extremity fractures and less than 10% of
tibia fractures.1 Patients with multiple injuries or open
injuries (one-third of patients for open injuries) often
present with intraarticular distal tibia fractures.10
The fracture was initially reported in skiers who
presented with lower-energy, torsional-type injuries.
Currently, it is more commonly seen after high-energy
crashes in which an axial load force forces the dome
of the talus into the articular surface of the tibia,
resulting in considerable comminution, impaction of
the articular surface, possible necrosis of articular
cartilage as a result of the pressure, and extension
of fracture lines proximal into the metaphysis of the
tibia.1

DIAGNOSIS
Diagnosis of intraarticular distal tibia fractures includes
typical workup and treatment of traumatic orthopaedic
injuries. Because of the association with multiple
injuries, patients with these fractures should undergo
a thorough evaluation of medical history and physical
examination to rule out other injuries.10,11 Initial diagnosis
begins with plain radiographs of the intraarticular distal
tibia, entire tibia, and foot to help differentiate from
more common bi- or trimaleolar ankle fractures.
Historically, multiple orthogonal radiographs (eg,
internal and external ankle radiographs) were obtained
to help characterize the fracture fragments. Computed
tomography (CT) scans and 3D reconstructions from
the CT scan have become more commonly used for
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diagnosis and preoperative planning. Cole et al12
showed that after CT scans were obtained in addition
to radiographs, extra information was obtained in 80%
of cases and change in surgical plans occurred in 60%.
Typically, advanced imagining such as CT scans are
obtained after initial reduction has been performed,
including placement of a temporary external fixator to
assist with regaining bone length and alignment.
Intraarticular distal tibia fractures have several
predictable fragments that should be identified
preoperatively to determine the methods of surgical
approach and fixation. Traditionally, three fragments
have been described and associated with their
ligamentous attachments to surrounding structures.
These include the medial fragment and associated
deltoid ligament, anterolateral or Chaput fragment,
anterior- and posterior-inferior tibiofibular ligaments,
and posterolateral or Volkman fragment. A central
compacted fragment or “die punch” may also be
associated, which cannot be easily detected as

appreciating on plain radiographs but must be
addressed at the time of surgical treatment to achieve
adequate reduction of the articular surface.

CLASSIFICATION
Several classification systems describe intraarticular
distal tibia fractures. Historically, the most commonly
used system is the Rüedi and Allgöwer13 classification
scheme that involves three types based on the amount
of articular comminution and displacement. More
recently, the AO/OTA classification of fractures has
become commonly used especially with research
on types 43-B and 43-C fractures, representing
intraarticular distal tibia fractures with metaphyseal
extension (Figure 2).14

TREATMENT AND OUTCOMES
Treatment of intraarticular distal tibia fractures has
evolved owing to use of several different algorithms and
techniques. The indications for fixating intraarticular
distal tibia fractures has remained relatively constant.
Rüedi and Allgöwer13 published one of the first reports
on operative fixation, describing the goals as achieving
restoration of limb length, less than 5° of angular
malalignment in any plane, and less than 2 mm of joint
incongruity. Recent publications have discussed less
stringent criteria but emphasized reduction of the
articular surface and reconstruction of the metaphysis
to the diaphysis. Nonoperative management is
typically reserved for treating fractures with minimal
displacement or for patients too ill or frail to undergo
surgery. In general, most intraarticular distal tibia
fractures are treated operatively.
Techniques
Many techniques have been described to achieve
reduction and fixation of intraarticular distal tibia
fractures, including as follows: immediate versus
delayed fixation, ORIF, ring fixator fixation, and hybrid
fixation (eg, partial open reduction and ring fixation,
or partial open reduction and internal fixation). The
specifics of each method are beyond the scope of this
paper, but overall treatment outcomes will be discussed.

Open Reduction and Internal Fixation
Historically, operative treatment included immediate
ORIF. In an earlier study by Rüedi,15 greater than 70%
of “good to excellent” results were reported with less
than 10% complications (eg, infections) and most
patients returned to work. Studied fractures were
mostly low energy, and outcomes were clinical rather
than patient specific. Other reported outcomes using
immediate ORIF were less promising, with more than
50% infection, 10% skin sloughing, and 36% nonunion or
malunions.16,17
Owing to advancements in modern fixation
techniques, the cause of these failures was linked to
soft-tissue envelope at the time of operation. Sirkin
et al18 described a protocol for treating patients with
severe intraarticular distal tibia fractures. The study
recommended temporary fixation with either a splint
or spanning external fixation, followed by definitive
fixation when appropriate depending on the soft tissue.
The authors performed definitive fixation at an average
of 14 days from the injury and observed lower infection
rates (< 5%), only one amputation, and no secondary
skin coverage procedures. Similar studies have noted
current average infections between 1% and 2% for
closed injuries and 8% to 10% for open injuries treated
with delayed fixation.1
Quantification of Outcomes
Owing to the absence of a standard validated system
that encompasses all injury aspects, it is difficult to
quantify clinical outcomes of intraarticular distal tibia
fractures. Several criteria and scoring systems have
attempted to quantify outcomes, which typically include
radiographic healing parameters, physical function
assessment (subjective and objective), functional
variables, and pain.19-21 Many systems are adapted from
ankle outcome scores, yet the different nature between
injuries make the crossover unreliable.
Several studies have described clinical outcomes
with relatively similar results. Teeny and Wiss20 reported
71% of patients with “good to excellent” outcomes after
undergoing anatomical reduction (vs 37% after nonanatomical reductions, of which 32% required ankle

Figure 2. AO/OTA classification of 43-A, 43-B, and 4-C types of fractures, showing extraarticular, partial articular,
and complete articular fractures of the tibia, respectively. Figure reprinted with permission from the Orthopaedic
Trauma Association.
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fusion). Barbieri et al22 found similar results on patients
with AO/OTA type 43-C1 fractures, with 100% of those
patients having “excellent results” whereas only 45%
of patients with type 43-C2/3 fractures had “excellent
results.” Watson et al23 noted that 60% of patients with
type 43-C fractures had “excellent results” when treated
with use of mostly ringed fixator techniques. Regarding
the percentage of patients who can expect promising
outcomes, a number often quoted is 70%, which
decreases when associated with more severe fractures.
Patient-Reported Outcomes
Recently, more studies have been interested in
patient-reported outcomes and individual patient
outcomes. This focus may be because more patients
are healing in positions deemed appropriate without
the need for secondary procedures and with decreased
complications. The Medical Outcomes Study 36-item
Short-Form General Health Survey (SF36, or SF12 with
12 items) has been used by several authors to note
patient-reported outcomes and compare the scores to
other disease processes.24,25
Pollak et al24 reported on 80 patients with AO/OTA
type 43-B/C fractures who underwent surgical fixation
at two main trauma centers in the United States. They
reported that SF36 physical health sub-scores were 36
points below population-based norms, and physical
function scores were 21 points lower than matched
norms. A total of 43% of patients no longer walked, and
13% of those who could walk used an assistive device.
Study data were compared with available SF36 scores
of patients with other chronic diseases; results showed
that patients with intraarticular distal tibia fractures
reported considerably lower scores than not only the
general health population but also patients with pelvic
fractures, migraines, asthma, hypertension, acquired
immune deficiency syndrome, acute myocardial
infarction, and diabetes. Similar scores were noted
between patients with spinal injuries and only slightly
better scores than patients on hemodialysis. Bonato et
al26 used SF12 to measure outcomes among Australian
patients and found similar results, with scores at 38.2
on the physical health portion and 49.7 on the average
population norm. Only 57% of patients had returned to
work at 1 year, and 26% still reported severe pain in the
extremity.
Recent studies have tried to determine prognostic
factors associated with patient-reported outcomes
after intraarticular distal tibia fractures.25 De-las-HerasRomero et al25 examined demographic factors, social
factors, fracture severity, postoperative complications,
postoperative function, and radiographic findings. At 5
years, patients reported notably lower scores on both
physical and mental portions of the SF36, with lower
scores on both correlating with fracture severity, quality
of reduction, and arthrosis at time of follow-up. Method
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of fixation, time of immobilization, and final range of
motion correlated with lower physical scores but not
mental scores.

PRIMARY FUSION
To prevent complications, reduce the need for future
operations, and improve patient outcomes in the most
severe distal tibia intraarticular fractures, primary fusion
of the tibiotalar joint has been suggested. Because of
new fusion techniques and implants, primary fusion
of fractures has become a more accepted procedure.
Nearly all severe fractures lead to posttraumatic
arthrosis and patient-reported outcomes correlating
with quality of reduction and severe arthrosis;
subsequently, one method to prevent this outcome
is primary fusion at the time of injury.10,25 This greatly
simplifies the need for reduction of the articular
surface and theoretically prevents the possibility of
posttraumatic arthrosis. Fusion may lead to loss of
motion at the fused joint, although promising outcomes
have been found in patients undergoing ankle fusion.27-29
No specific guidelines exist on which fracture types
and patients should be treated with primary fusion or
what defines an unreconstructable distal tibia fracture.
Generally, unreconstructable fractures are described
when less than 50% of the joint surface is involved
with small fragments and delamination of the articular
surface.2-7
Several techniques have been used with primary
fusion.2-7 Bozic et al2 used a standard staged protocol
for treating 15 patients with AO/OTA type 43-C
fractures by primary fusion using a posterior blade
plate. Of the 15 patients, seven had open injuries and 13
were initially placed in an external fixator for soft-tissue
management. At 38 weeks, all patients healed and could
walk. No patient-reported outcomes were noted.
Zelle et al3 also described use of a posterior blade
plate in treating 20 patients with AO/OTA types 43-C2
and 43-C3 fractures. At 2 years, the follow-up rate of
patients was 85%, with 100% of patients walking and
SF36 scores similar to those reported for patients
undergoing ORIF. One patient developed an aseptic
nonunion treated with a revision procedure, and
another patient had a clinically significant leg-length
discrepancy. Otherwise, all patients had healed incisions
and wounds without need for secondary procedures.
Beaman and Gellman5 used a specifically designed
plate for anterior ankle fusion to perform primary
fusion in treating distal tibia intraarticular fractures.
The study also used a hybrid construct equipped with a
ringed fixator to help maintain reduction and alignment
in constructs deemed unstable. At an average of 4.5
months, they reported 100% union rate with no revisions
or malunions. Patients scored an average of 83 on the
American Orthopaedic Foot and Ankle Society (AOFAS)
hindfoot score. One patient developed a nonunion, and
another patient had a malunion treated before fracture

healing with adjustment of frame. One patient had a
superficial wound treated with skin grafting. All patients
had at least one pin-site infection treated with oral
antibiotics only. Several patients required removal of
hardware after healing to treat related symptoms.
Ho and Ketz6 described a technique involving a
limited ORIF posteriorly, followed by anterior tibiotalar
joint fusion. The method was used to treat fractures
deemed “unreconstructable.” No outcomes were
reported.
Hsu and Szatkowski7 reported one patient with an
AO/OTA type 43-C severe open fracture and limited
vascular flow to the extremity, diabetes, and a low
socioeconomic status. A hindfoot fusion nail was used
with tibiotalocalcaneal arthrodesis as the definitive
treatment of the injury. The patient healed without
complication, with an AOFAS hindfoot score of 79 at 17
months. Although the described protocol called for no
weight bearing, it was noted that the patient likely was
bearing weight almost immediately.

fusion at the initial procedure may help patients avoid
secondary or revision procedures.
In summary, primary fusion of intraarticular distal
tibia fractures is a viable treatment option and may
improve patient outcomes in certain fracture patterns
and patients. However, more procedures must be
performed with more follow-up to further determine
the role of primary fusion of distal tibia intraarticular
fractures.

CONCLUSION

3.

Distal tibia intraarticular fractures are complex and
pose many treatment challenges. Historically, these
fractures have been difficult to treat, with numerous
complications resulting in unsuccessful outcomes.
Because of new treatment procedures, protocols, and
fixation techniques (eg, staged fixation), most fractures
heal with minimal complications. However, treatment
of more severe fractures continues to pose challenges
because, despite reliably healing, patient-reported
outcome scores are low.
The role of primary fusion for treating distal tibia
intraarticular fractures has not been entirely established.
Short-term follow-up studies on small groups of
patients have shown that similar outcomes between
severe and fractures treated by other means.2-7 Fusion
may be a viable option for treating unreconstructable
fractures, especially when performed by surgeons with
expertise in the procedure. Primary fusion may also
benefit patients who have physiological or psychosocial
factors that make traditional fixation methods less ideal,
which includes patients with limited healing potential
(ie, those with diabetes, peripheral neuropathological
features, tobacco use, and psychological comorbidities).
Fusion, although not a simple procedure, can simplify
the need for articular reduction of the fracture; as such,
there may be less risk of loss of reduction when patients
weight bear after undergoing fusion compared to after
undergoing articular reduction.
Because most patients develop posttraumatic
arthrosis, few studies have been able to quantify the
number of patients who develop symptoms caused
specifically by arthrosis and require further procedures
such as fusion or replacement. More studies are needed
to quantify the number of delayed fusions performed
and the postoperative function of patients treated
with fusion after undergoing initial ORIF. Performing
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